Abstract-This paper presents a Multi-stage stochastic bilevel model for the expansion planning of Wind resources in power systems at a multi-stage horizon. In this paper, the power system consists of a combination of fossil fuel technologies and Wind resources for investment. Demand is characterized by a certain number of demand blocks. The uncertainty of demand for each this block (for each time period of the curve) is determined by the scenario. Afterwards, the suggested model is converted to a mathematical programming with some equilibrium constraints. Following that, after linearization, a mixed integer linear program is obtained. This framework is examined on the IEEE RTS 24-bus network. The obtained simulation results confirm that this model can be appropriately used as a means to analyze the behavior of investments in wind and thermal units.
I. INTRODUCTION
The wind power expansion planning has been proposed in recent years. The use of new resources is inevitable because of energy growing and reduction in fossil resources. Todays, wind power sources as one of the main source of electricity in many countries is an alternative to conventional fossil power plants. The consideration of the effects of wind power on the network is important in the development of power system planning studies resulting from penetration of wind power in the power system and an increase in uncertainties [1] [2] . Also, supply Security is the most important feature of power system operation which should be considered at different time intervals to be a balance between production and consumption in the long-term [3] [4] . In traditional systems, the objective is to minimize the costs associated with the construction of the units with ISO. But, in restructured power systems, each investor will participate as a player in the market [5] [6] [7] . The objective function of each of these players is to maximize the benefits from the investments. It is worth noting that the results obtained from these optimizations must consider the limitations of the independent system operator. The following points the important research that has been done in this field:
Ref. [8] suggested a Benders decomposition algorithm to overcome the wind unit investment issues efficiently. In [9] , two different methodologies are proposed to consider different scenarios between the electric load and wind power. These scenarios are used as the input information for the issues associated with the generation expansion. These methodologies encompass the duration curves of load and wind, and the Kmeans clustering method so that allow representing the uncertainty of and the correlation between the load and production of wind-power. Reference [10] present a model to investigate the impact on market revenue of, respectively, the predictability and the capacity factor of a wind farm or a cluster of wind farms. Financial analysis of a project is provided in reference [11] based on Monte Carlo simulation to present results from decision making process of a model of a representative wind power investor's. Based on the abovementioned issues, ref. [12] presents a risk-constrained multistage stochastic plan to investigate the optimal investment decisions on the wind power units. To model the expansion planning problem considering peak and base technology, [13] propose a stochastic dynamic three level model . A hybrid DP/GAME framework is proposed in [14] to take care of the generation expansion planning (GEP) problem. In this paper, DP was represented to tackle the problem due to the investment, whilst the Cournot model was presented to consider the strategic behavior of producers in the spot markets. In [15] , energy efficiency resources are considered as efficiency power plants (EPP) to investigate their impacts on generation investment. The supply curve of EPP is presented by means of the production function of electricity consumption. A decision making model is also expressed to encompass EPP in generation expansion issue from an investor's perspective. In [16] , impacts of various uncertainties including forecasting errors of wind power on power generation scheduling are studied. In [17] , the role of units and lines failures and correlation of wind power on generation investment issues are investigated. Hence, bi level stochastic optimization problem is proposed. In the aforementioned framework, the sequential and non-cooperative game between producers and the system operator is modeled. A stochastic framework is proposed in ref. [18] for the generation expansion of deregulated power systems in a multi-period horizon, which encompasses generation investment from a strategic producer point of view. The investment issue is presented as a bi-level model. Reference [19] provides a robust optimization method for expansion planning in a transmission network. In this model, uncertainties are related to renewable generation and load. The proposed approach contrasts with conventional stochastic programming in regard to necessary knowledge of the probability distribution of the uncertain net injections. Whilst the uncertainties of the net injections are expressed by an ordinary uncertainty set. A main concern of governments as regards renewable energy includes renewable electricity policies as well as how to combine them so as to enhance the extension of renewable energy technologies cost-effectively. These issues are examined in [20] ; consequently, a financial framework is presented so that feed-in tariffs are combined with investment subsidies as well as soft loans. Optimal government policy is investigated in reference [21] when private investment produces information. In reference [21] , it is shown that if the investment subsidy is supported by a non-distortionary, lumpsum tax, the government obtain its favorable offspring.
In this paper, the investment in wind power plants is expressed by considering the components of uncertainty and of the power market by dynamic stochastic MPEC model. The purpose of this paper is to maximize the profit from the investment in wind units (WU) as well as base and peak units(BPU) in a specified period of 10 years. The second level problem is convex; Therefore, the problem can be solved by optimization methods. In the proposed model, the power system is assumed to have WU and BPU so that limitation of the transmission network is considered. The unit technologies for investment are different kinds of WU and BPU so that uncertainties related to the generating of WU and consumers are considered in this network.
The paper is presented as follows. The mathematical formulation of the problem is presented in Section 'Mathematical formulation'. Subsequently, information of case study which is IEEE 24-bus Reliability Test System as well as simulation results are provided in the section 'Case studies'. Finally, Section 'Conclusion' provides some relevant conclusions.
II. MATHEMATICAL FORMULATION
In the following section, the mathematical formulation of this paper is presented. In this model, w as index for scenario, y/ as indexes for year, t as index for demand blocks, i as index for existing generation unit, s as index for new BPU, j as index for load, h as index for capacity of investment option, and n/m as indexes for bus are considered.
A. The Dynamic stochastic bi-level model for wind investment
The first level shows an investment problem of conventional producers with a view to maximize the present value of the total profit of investment (whether BPU or WU). Due to the fact that the proposed model is multi stage, dynamic constraints are presented in the first level. The second level problem is to model spot market where the priority is to maximize the social welfare. In this model, maximizing the social welfare as objective function of second level problem is equivalent to minimizing the generation cost. DC power flow equations, in addition to the limitation of units' production are envisaged as constraints of second level problem. Furthermore, market clearing prices as well as units' production as outputs of the second level problem are fed back to first level one. It is worth mentioning that market clearing prices are equivalent to dual variables related to the power balance constraints. 
The objective function (1) includes expected revenue offset by investment cost so that it means the present value of the minus expected profit in the planning horizon. This objective function includes three terms. The first and second term of profit function (1) is associated to the investment cost of new BPU and WU, respectively. The third term of profit function (1) is the expected profit earned by selling power in the market clearing. In this constraint, F and S are Discount rate and Subsidy percent, respectively. 
Constraint (2) means wind power investment is available only in discrete blocks. According to (2) , just one capacity of wind units must be constructed at each bus of the power network for each year in multi stage planning.
Constraint (3) Defines maximum capacity of wind units along a multi-stage horizon that can be constructed in each location with wind power facilities.
Due to the fact that this model is kind of multi stage, dynamic dependency constraints on decision variables associated with the wind investment must be considered. This conception is represented in constraint (4). According to this constraint, constructed units are assumed as existing units in the upcoming years.
, .
Constraint (5) imposes that wind production at any operating condition is limited to the constructed wind unit at the related bus multiplied by a factor which presents the wind unit intensity at that bus and scenario.
 
Constraint (6) 
Dynamic constraints on decision variables related to the thermal units are represented in constraint (7). 
For decision variables related to the marginal cost of new thermal investments, dynamic dependency constraints must be considered so that this conception is presented in constraint 
Constraint ( 
Power bounds for blocks of generation units are as other second level constraints. In second level problem, lossless DC model is used for the power flow through transmission lines. Constraint (13) is related to the power bounds for blocks of generation constraints of new BPU units in the next years.
B. Multi-Stage stochastic mathematical program with equilibrium constraints (MPEC)
Owing to the fact the second level problems are continuous and linear, they are convex; consequently, KKT conditions can be used as a means to convert the proposed bi-level model to one level problem (MPEC) [7] . This resulting model is nonlinear because of existence of nonlinearities terms in the objective function of first level and in complementarity conditions obtained by enforcing KKT conditions to second level. Therefore, linearization is used to convert this problem to MILP one. 
, where M is a large enough constant [7] .
III. CASE STUDY To validate the proposed model, IEEE 24-bus reliability test
System is considered as case study as it is depicted in Fig. 1  [19] .
A. IEEE 24-bus Reliability Test System description
The input data related to demands and power units are according to [26] . Buses 7, 9 as well as 10 are assumed as imminent sites for installation of the wind units whilst buses 10, 11 and 14 are envisaged as upcoming sites so as to construct new thermal units. The multi stage planning is undertaken for ten years so that annual demand growth as well as annual discount rate are considered to be 10% and 8.7%, respectively. In addition, 1500 million dollars are considered as budget to invest new units in multi stage planning. Also, capacity of wind units is accessible in discrete 50-MW blocks Fig. 1 . IEEE 24-bus reliability test System [25] Maximum capacities of wind units which can be constructed at buses 7, 9 and 10 are equal to 1000, 500 and 500 MW accordingly. Furthermore, base and peak technologies are considered as thermal units to invest. Base units includes high investment cost but small production cost whilst peak units have low investment cost but high production cost. Candidate capacity of base units are 0 and 500 MW. On the other hand, capacities 0, 200 and 250 are considered for investment in peak units. To solve this model, Solver XPRESS software GAMS is used. The Original problem has involves 1132783 rows, 1048522 cols, 2368893 elements and 351620 global. In addition, the resolved problem has involves 50476 rows, 80637 cols, 202927 elements and 490 global. Table I presents the Results of the dynamic stochastic MPEC model for IEEE 24-bus Reliability Test System. The results of this case study are discussed as bellow:
B. Result and Discussion
In this market, the total capacity added by the producer in the planning horizon has been obtained equal to 3100 Mw so that producer invests 1600 MW in the wind technology and 1500 MW in the base technology. Also, distribution of the investment is as the below: 1450 MW on wind technology in the first year, 500 MW on base technology in the second year, 50 MW on wind technology in the fifth year, 500 MW on base technology in the sixth year, 50 MW on wind technology and 500 MW on base technology in the ninth year and 50 MW on wind technology in the tenth year of the planning period. Because the fact that offers of base units are less than offers of peak ones, total of new thermal constructions are based on base technologies. In addition, the total of WU and of BPU investments over the planning period are equal to 1159 M$ and 340 M$ accordingly.
It can be figured out that the production in the first year of planning period is 9147 MWh so that the production of wind, existing and base units is 3035 MWh, 6112 MWh and 0 MWh, respectively. The production the new BPU production in the second year is 4024 MWh because of installation of 500 MW base technologies in bus 14 while the production of existing units decreases 44.36%. In second, third and fourth years, no wind units added to network and therefore, the wind production in these years is the same and equal to 3052 MWh. In these years, the total capacity of wind units is used for the production because this technology has no generating cost. The wind unit production in the fifth year increases 3.28% compared with the fourth year as a result of construction of 50 MW wind unit in bus 9. The production of new BPU in the sixth year has been increased by 92.04% compared to the fifth year in view of construction of 500 MW base unit in bus 11 and therefore the production of existing units decreases 36.45%. In the two next years, the production of the existing units has been increased by 34.45% and 29.93% compared to the sixth year, respectively, as a result of demand growth and no investment in wind or thermal technologies in these years. The production of wind and of new thermal units has been increased by 3.1% and 45.29% in the ninth year compared to the eighth year, respectively in view of installation of 500 MW base unit in bus 14 and of 50 MW wind technologies in bus 7. In the last year, the production of the existing, WU and new BPU is obtained 6889MWh, 3352 MWh, and 1256 MWh, respectively.
In the each year of planning, the market price increases due to demand growth so that 75.177 ($/MWh) is obtained for the average market price. In addition, the total profit of the investor in the dynamic approach have been calculated 483.38 M$.
 Impact of the Available Budget on the Investment Table II shows the invested capacity in planning duration (ICIPD) and available capacity in planning duration (ACIPD) for WU and BPU in terms of available budget. ICIPD and ACIPD for new BPU have been obtained equal to 1500 MW and 3000 MW for the available budget 150 m$, respectively. For calculate ACIPD must be noted that the unit is added to the network in the sixth year, can be used for 5 years. Therefore, for ACIPD of the new BPU, the amount of 5*500+2*500+1*500 is equal to 3000 MW in this available budget. ICIPD and ACIPD increase by increasing in the budget from 15 M$ to the 1800 M$. . ICIPD in the budget 2400 M$ is same as the budget 1800 M$ while ACIPD have been increased by 500 MW. ICIPD and ACIPD for the budget 3000 M$ is same as the budget 2400 M$ and equal to 3250Mw and 26350, respectively. It can be seen increase in budget have no effect on ICIPD and ACIPD in large budget. Ina addition, Increase of ACIPD means that the more capacity is quickly added to the network.
Decrease in the budget cause the delay in investment. Investment in WU increases by increasing in the budget when the 1500 MW BPU have been added to the network. Therefore, it influence on the time of investment in BPU. In addition, the net profit increases by increasing in the budget. Furthermore, increase in budget has no effect on the net profit in large budget.
 Impact of the subsidy percent on the Investment Table III  Impact of the demand on the Investment Table IV shows the sensitivity of ICIPD and ACIPD for invested units in terms of demand consumption. The capacity of transmission lines are assumed to 3fmax in this case. . ICIPD and ACIPD of new thermal units increase by increasing demand consumption while ACIPD of wind units decreases in planning duration. Figure 8 and9 depict the investment in wind and thermal units in the planning duration in terms of the demand consumption, respectively. Figure 2 shows changes in the production of units in terms of the demand consumption. It can be seen that the production of wind units decreases by increasing in demand consumption and decreasing in ACIPD of wind units while that the production of existing and new BPU increases in the planning duration. New BPU have more production in demand, supply by increasing the demand consumption due to their less operating cost with respect to the existing units and their less investment cost compared with the WU. IV. CONCLUSION This paper present a dynamic stochastic MPEC model for the expansion planning of Wind resources and BPU in power network at a multi-stage horizon. In this paper, the power system consists of a combination of fossil fuels technologies and Wind resources for investment. IEEE 24-bus Reliability Test System have been considered for case study and analyzed. According to simulations results as well as characteristics of the proposed model, the following conclusions can be obtained:
 Total invested capacity in planning duration (ICIPD) and total available capacity in planning duration (ACIPD) increase by increasing available budget. Furthermore, Decrease in the budget cause the delay in investment. Also, investment in wind units influence on the time of investment in thermal units. It can be seen that the net profit increases by increasing in the budget.
 It was observed that ACIPD of WU have been increased by increasing subsidy percent while ICIPD of WU may be decreased. The time of investment in BPU are affected by increasing subsidy percent and therefore increase in ACIPD of WU. Also, it can be seen that the more investment in WU occurs in the earlier years when amount of the subsidy percent is increased.
 ICIPD and ACIPD of new BPU increase by increasing demand consumption while ACIPD of WU decreases in planning duration. It can be seen that the production of WU decreases by increasing in demand consumption and decreasing in ACIPD of WU while that the production of existing and new BPU increases in the planning duration. New BPU have more production in demand supply by increasing the demand consumption due to their less operating cost with respect to the existing units and their less investment cost compared with the WU.
